1. Introduction
===============

Multiple myeloma (MM) is a malignant neoplasm characterized by abnormal proliferation of clonal malignant plasma cells in the bone marrow and increased monoclonal immunoglobulin.^\[[@R1],[@R2]\]^ Calcemia, renal insufficiency, anemia, and bone lesions are the 4 major clinical symptoms of MM.^\[[@R3],[@R4]\]^ So far, MM is still an incurable disease.^\[[@R5]\]^ The pathogenesis of MM has been widely studied.^\[[@R6]\]^ It has been shown that the abnormal expression of miRNA is involved in the occurrence and development of MM^\[[@R7]--[@R10]\]^ and plays an important role in the transformation of monoclonal gammopathy of undetermined significance into MM.^\[[@R11]--[@R13]\]^

MicroRNAs (miRNAs) are small, endogenous, noncoding RNAs consisting of 20 to 25 nucleotides.^\[[@R14],[@R15]\]^ MiRNAs mainly bind with 3′ UTR of the target mRNAs to regulate the gene expression at the post-transcriptional level.^\[[@R16]\]^ MiRNAs have been shown to be involved in the regulation of cell differentiation, proliferation, apoptosis, energy metabolism and tumor development.^\[[@R17]\]^ MiRNAs exist not only in tissues but also in the body fluids such as blood, urine and cerebrospinal fluid, which are also known as circulating miRNAs.^\[[@R18],[@R19]\]^ Circulating miRNAs are stable and may be used as tumor markers.^\[[@R20],[@R21]\]^ MiR-181a belongs to miR-181 family and plays an important role in the process of cell differentiation and development.^\[[@R22],[@R23]\]^ It has been found that miR-181a can regulate gene expression by inhibiting or accelerating mRNA degradation and participates in tumor development.^\[[@R24]--[@R26]\]^ Studies have shown that miR-181a may play a role in lymphocyte proliferation and differentiation into B cells.^\[[@R24],[@R27],[@R28]\]^ At the same time, it has been reported that the expression of miR-181a is increased in MM.^\[[@R29]\]^ However, the current research on the complex relationship between miR-181a and various clinical and pathological factors of MM disease is still lacking.

The aim of this study is to investigate the expression of miR-18a in MM. The relationship between miR-181a and the clinicopathological factors of MM was also analyzed. Additionally, we detected the target genes of miR-181a in order to reveal the mechanism of miR-18 in MM. Our study may provide a theoretical basis for studying the mechanism of miR-181a in the occurrence and development of MM.

2. Materials and methods
========================

2.1. Clinical data
------------------

Patients with MM (n = 73), other hematological malignancies (n = 29), and benign hematological diseases (n = 6) hospitalized at the First Affiliated Hospital of Xi'an Jiaotong University from January 2016 to June 2017 were enrolled in this study. The diagnosis of MM followed the guidelines for the diagnosis and management of multiple myeloma in China (2015 revision).^\[[@R30]\]^

Inclusion criteria for MM: The ratio of bone marrow smear abnormal plasma cells was over 10% and/or plasmacytoma was confirmed by bone marrow biopsy; monoclonal protein M was detected from serum and/or urine. Abnormal clinical manifestations were observed.

Inclusion criteria for other hematological malignancies and benign hematological disease were that subjects were clearly diagnosed with other hematological malignancies and benign hematological disease. All cases were diagnosed by bone marrow smear or bone marrow biopsy, combined with the corresponding immunohistochemistry, cell morphological identification and flow cytometry diagnosis.

Exclusion criteria for MM: MM developed to plasma cell leukemia. MM patients complicated with other malignancies. Patients who had major organ failures. Patients who had immune system deficiency or other blood diseases. Patients with missing original data and incomplete records.

Exclusion criteria for other hematological malignancies: Patients with MM or MM history. Patients with other nonhematological malignancies. Patients who had major organ failures. Patients with missing original data and incomplete records. Exclusion criteria for benign hematological disease: Patients who were suffering from hematological malignancies. Patients with other nonhematological malignancies. Patients with major organ failures. Patients with missing original data and incomplete records.

The average age of MM patients was 61 ± 9 years old. The patients in the MM group were further divided into stage I+II (early) (n = 36) and stage III (n = 37) according to Durie--Salmon staging.^\[[@R31]\]^ The diagnostic criteria of other hematological malignancies and benign hematological disease were based on the blood disease diagnosis and efficacy standards.^\[[@R32]\]^ The 29 patients with other hematologic malignancies included 15 cases of acute myeloid leukemia, 7 cases of lymphoblastic leukemia, 6 cases of non-Hodgkin\'s lymphoma, and 1 case of hairy cell leukemi, with avearge age of 57 ± 11 years old. The 8 patients with benign hematological diseases with an avearge age of 56 ± 17 including 4 cases of iron deficiency anemia, 2 cases of megaloblastic anemia, 2 cases of idiopathic thrombocytopenic purpura. In the meanwhile, 30 cases of gender and age-matched normal subjects at the First Affiliated Hospital of Xi'an Jiaotong University were set as the control group.

Serum samples were obtained from 73 patients with MM, 29 patients with other hematological malignancies and 30 normal control individuals. The age and gender information of them is shown in Table [1](#T1){ref-type="table"}. Bone marrow samples were collected from 19 patients with MM, 6 patients with other hematological malignancies and 8patients with benign hematological diseases, with the age and gender information of shown in Table [2](#T2){ref-type="table"}. The other information of MM patients, including Durie--Salmon stage, bone injury, kidney injury, and immunophenotype, are listed in Table [3](#T3){ref-type="table"}.

###### 

The gender and age information of patients for serum sample collection.
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###### 

The gender and age information of patients for bone marrow sample collection.
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###### 

Durie-Salmon staging distribution in patients with MM.
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The study was approved by the ethics committee of the First Affiliated Hospital of Xi'an Jiaotong University (XJTU1AF2016LSK-46). Informed consent was obtained from each patient.

2.2. Extraction of bone marrow mononuclear cells
------------------------------------------------

Totally, 4 mL of fresh bone marrow was collected. The bone marrow mononuclear cells were isolated within 4 hours of bone marrow collection using the cell separation kit (Virtue Pacific Biotechnology Co., Tianjin), according to the instruction. Briefly, fresh DMB water was added to the fresh bone marrow. The bone marrow mixture was then slowly added to the centrifuge tube with the cell separation liquid and was centrifuged at 1000 rpm for 20 minutes at 20 °C. The mononuclear cells were isolated from the middle layer.

2.3. qPCR
---------

The expression of miR-181a, BCL-2 and NOVA-1 were analyzed by qPCR assays. The miRNA was extracted from the serum and bone marrow mononuclear cells using the miRcute serum/plasma miRNA isolation kit and miRcute miRNA isolation kit (Tiangen Co., Beijing) according to the instructions. The cDNA of miR-181a was generated using the miRcute Plus miRNA First-Strand cDNA Synthesis Kit (Tiangen Co., Beijing). The sequence of miR-181a upstream primer was 5-AACATTCAACGCTGTCGGTGAGT-3. The downstream primer is provided by the miRcute Plus miRNA qPCR Detection Kit. The sequences of U6 primer were 5-CTCGCTTCGGCAGCACA-3 and 5-AACGCTTCACGAATTTGCGT-3. The PCR procedure was as follows: predenaturation at 95 °C for 15 minutes, followed by 45 cycles of 94 °C (20 seconds) and 60 °C (34 seconds). U6 was used as the internal control.

For BCL-2 and NOVA-1, mRNA was extracted from bone marrow mononuclear cells and reverse transcribed into cDNA using the FastKing RT Kit (Tiangen Co., Beijing) according to the instruction. The sequences of BCL-2 primers were 5-GGGAGGATTGTGGCCTTCTT-3 and 5-GGGCCAAACTGAGCAGAGTC-3. The sequences of NOVA-1 primers were 5-CCCTCCCCAGTGAGAACAAA-3 and 5-CCGCCATCATGTTTGCAGTT-3. GAPDH primer sequences were 5-AATGGGCAGCCGTTAGGAAA-3 and 5-GCGCCCAATACGACCAAATC-3. The PCR procedure included predenaturation at 95 °C for 15 minutes, followed by 45 cycles of 95 °C (10 seconds) and 60 °C (30 seconds). GAPDH was used as the internal control. Relative miR-181a and mRNA expression levels were determined by the 2-ΔCt method.

2.4. Bioinformatics softwares
-----------------------------

The targets of miRNA were predicted by Targetscan (regRNA (<http://regrna.mbc.nctu.edu.tw/php/prediction.php>) and PicTar (<http://pictar.mdc-berlin.de/>).

2.5. Statistical analysis
-------------------------

The data were analyzed using the SPSS statistical package, version 17.0 (SPSS Inc., Chicago, IL) and the Graph Pad Prism version 5.0 (GraphPad Software, San Diego, CA). The measurement data with normal distribution were shown as mean ± standard deviation. The non-normal distributed measurement data were shown as median and interquartile spacing \[*M*(*P*~25-~*P*~75~)\]. Comparison between groups was performed using Kruskal--Wallis H (K) or Mann--Whitney *U* rank sum test. The comparison of rate was performed using χ^2^ test. The correlation analysis of parameters was performed using Spearman linear correlation analysis. *P* \< .05 was considered as statistically significant.

3. Results
==========

3.1. The expression of miR-181a in serum and bone marrow mononuclear cells
--------------------------------------------------------------------------

To detect the expression of miR-181a in the serum of MM, other hematological malignancies and normal control groups, we carried out qPCR assay. We found that the difference of miR-181a between the MM group and the normal control group was statistically significant (*P \< *.05, Fig. [1](#F1){ref-type="fig"}A). There was also significant difference in miR-181a between the MM group and other hematologic malignancies (*P \< *.05, Fig. [1](#F1){ref-type="fig"}A). However, there was no significant difference in miR-181a between the other hematologic malignancies and the normal controls (P \> 0.05, Fig. [1](#F1){ref-type="fig"}A). We also tested the expression of miR-181a in Durie-Salmon staging of MM patients. Our result showed that the expression level of miR-181a in stage I+II and stage III was significantly different (*P \< *.05; Fig. [1](#F1){ref-type="fig"}B). The qPCR was also used to determine the expression of miR-181a in the bone marrow mononuclear cells of patients with MM, other hematological malignancies and benign hematological diseases. We found that miR-181a level was significantly higher in MM patients than that in patients with other hematological malignancies and benign hematological diseases (*P \< *.05, Fig. [1](#F1){ref-type="fig"}C). No significant difference was found between patients with other hematological malignancies and benign hematological diseases. The results indicate that miR-181a is highly expressed in the peripheral blood and bone marrow of MM, which is elevated with the increased staging level.

![Analysis of miR-181a expression. The miR-181a expression was detected using qPCR. (A) miR-181a expression in patients with MM, other hematological malignancies and normal control individuals. (B) miR-181a expression in patients with MM Durie--Salmon stage I+II and stage III. (C) miR-181a expression in patients with MM, other hematological malignancies and benign hematological diseases. MM = multiple myeloma.](medi-97-e12081-g004){#F1}

3.2. Correlation of miR-181a expression with clinical data of MM
----------------------------------------------------------------

We then carried out the Spearman correlation analysis to explore the relationship between the miR-181a expression and clinical indicators of MM. Our results showed that miR-181a was positively correlated with the Durie--Salmon stage, age, kidney injury and bone injury (Table [4](#T4){ref-type="table"}). This result indicates that miR-181a could reflect the severity of the disease to some extent.

###### 

Correlation analysis of miR-181a expression with clinical index of MM patients.
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3.3. Correlation of miR-181a expression with serum tumor burden indicators of MM
--------------------------------------------------------------------------------

Spearman correlation analysis was also used to analyze the relationship between the miR-181a expression and serum tumor burden indicators of MM. The serum indicators of tumor burden in MM were shown in Table [5](#T5){ref-type="table"}. Spearman correlation analysis showed that miR-181a was negatively correlated with red blood cell (RBC) (*r* = −0.423, *P = *.000) (Fig. [2](#F2){ref-type="fig"}A), hemoglobin (HMB) (r = −0.493, *P = *.000) (Fig. [2](#F2){ref-type="fig"}B) and albumin (ALB) (*r* = −0.449, *P = *.000) (Fig. [2](#F2){ref-type="fig"}C) whereas positively correlated with β~2~-microglobulin (β~2~-MG) (*r* = 0.633, *P = *.000) (Fig. [2](#F2){ref-type="fig"}D). Therefore, miR-181a is related to the pathogenesis of MM.

###### 

Tumor burden indicators in serum of MM patients.
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![Correlation of miR-181a with tumor burden indicators. The spearman correlation analysis was used. (A) Correlation of miR-181a with RBC. (B) Correlation of miR-181a with HGB. (C) Correlation of miR-181a with ALB. (D) Correlation of miR-181a with β~2~-MG. ALB = albumin, HGB = hemoglobin, MM = multiple myeloma, RBC = red blood cell.](medi-97-e12081-g007){#F2}

3.4. The expression of miR-181a target genes (BCL-2 and NOVA1) in the bone marrow mononuclear cells
---------------------------------------------------------------------------------------------------

To further study the function of miR-181a in MM, we used Targetscan and PicTar software to predict the target genes of miR-181a. The result showed that BCL-2 and NOVA1 were potential targets of miR-181a (Fig. [3](#F3){ref-type="fig"}A and B). Then we measured the expression of BCL-2 mRNA and NOVA1 mRNA in the bone marrow mononuclear cells by qPCR. We found that the expression of BCL-2 mRNA in MM patients and patients with other hematological malignancies was significantly increased compared with that in patients with benign hematological diseases (*P \< *.05, Fig. [4](#F4){ref-type="fig"}A). However, the expression of BCL-2 between the patients with MM and other hematological malignancies showed no significant difference (*P* \> .05). While the NOVA1 mRNA expression in the 3 groups showed no significant difference (*P* \> .05, Fig. [4](#F4){ref-type="fig"}B). All these results showed that Bcl-2 is highly expressed in various hematological malignancies, including MM.

![Prediction of miR-181a targets using Targetscan and PicTar. (A) The base pairing between miR-181a and BCL-2. (B) The base pairing between miR-181a and NOVA1.](medi-97-e12081-g008){#F3}

![The mRNA expression of BCL-2 and NOVA1 in the bone marrow mononuclear cells. The mRNA expressions of BCL-2 and NOVA1 in the bone marrow mononuclear cells of patients with MM, other hematological malignancies and benign hematological diseases were detected using qPCR. (A) The expression of BCL-2 mRNA. (B) The expression of NOVA1 RNA.](medi-97-e12081-g009){#F4}

3.5. Correlation of miR-181a, BCL-2 and NOVA1
---------------------------------------------

We also studied the relationship between the expression of BCL-2 and NOVA1 and miR-181a using the Spearman correlation analysis. We found that there was a positive correlation between miR-181a and BCL-2 (*r* = 0.776, *P = *.001) (Fig. [5](#F5){ref-type="fig"}A). Moreover, BCL-2 was positively related to NOVA1 (*r* = 0.609, *P = *.012) (Fig. [5](#F5){ref-type="fig"}B). Thus, we speculate that the expression of miR-181a and the expression of BCL-2 are increased in MM patients, and NOVA1 may also be involved in the development of MM.

![The relationship between miR-181a and BCL-2, and, between BCL-2 and NOVA1. The spearman correlation analysis was used. (A) The correlation between miR-181a and BCL-2. (B) The correlation between NOVA1 and BCL-2.](medi-97-e12081-g010){#F5}

4. Discussion
=============

MiRNA expression often significantly changes in tumors.^\[[@R33]--[@R35]\]^ MiRNAs are not easily degraded by nucleic acid ribozymes in the blood and can maintain stable under adverse environments such as room temperature or repeated freeze-thaw.^\[[@R36],[@R37]\]^ Thus, miRNA may be used as useful marker for the diagnosis of diseases. Studies have detected the abnormal expression of miRNA in the occurrence and development of MM.^\[[@R7]--[@R10]\]^ miRNA also plays an important role in the transformation of monoclonal gammopathy of undetermined significance into MM.^\[[@R11]--[@R13]\]^ Additionally, Pichiorri et al^\[[@R13]\]^ found that expression levels of miR-21, miR-32, miR-106b-25 clusters, miR-17--92 clusters, miR-181a, and miR-181b were abnormally expressed in MM cell lines.

In this study, the age distribution characteristics of selected MM patients were analyzed and the result showed that the onset age of MM was 51 to 60 years old, accounting for 47.9%. The patients of 61 to 70 years old accounted for 24.6%. Thus, the onset of MM was usually in the elderly, which is consistent with previous reports.^\[[@R2],[@R5],[@R38]\]^ And, the older the patients were, the higher the staging level was, and the greater the chance of renal injury was. Our results also showed that miR-181a increased in the peripheral blood and bone marrow of MM patients, which is consistent with previous study.^\[[@R13]\]^ In addition, Spearman correlation analysis showed that the relative expression level of miR-181a was positively correlated with the age, kidney injury, and bone injury in MM patients. The renal function and bone status of patients can intuitively reflect the severity of the disease.^\[[@R39]--[@R42]\]^ Consistently, our further studies found that the expression of miR-181a was positively correlated with Durie--Salmon staging, suggesting that miR-181a could reflect the severity of MM disease to some extent.

We also studied the relationship between miR-181a and prognosis of disease. Anemia not only affects the prognosis of patients with MM, but also affects the quality of life.^\[[@R38]\]^ IL-6 is a regulator of B cell differentiation into plasma cells.^\[[@R43]\]^ The abnormal increase of IL-6 in patients with MM could reduce the ALB synthesis in liver.^\[[@R44],[@R45]\]^ β~2~-MG is a light chain of the complete histocompatibility antigen on the nuclear surface and is excreted by the kidneys.^\[[@R46]--[@R48]\]^ Tumor cells have a strong ability to synthesize β~2~-MG, which directly reflects cell proliferation, tumor size, and renal impairment.^\[[@R49],[@R50]\]^ This paper analyzed the correlation between miR-181a and several tumor burden indicators. The results showed that miR-181a was positively correlated with β~2~-MG and negatively correlated with RBC, HGB and ALB. These results indicate that miR-181a is related to the progression of MM, which may have great value in the treatment and prognosis of MM.

It has been found that the miR-181 family can interact with different mRNAs via different binding sites of its target genes to inhibit their expression.^\[[@R24]--[@R26]\]^ Studies have also shown that the expression and regulation of anti-apoptotic gene BCL-2 is one of the key factors that affect cell apoptosis.^\[[@R51]--[@R53]\]^ The overexpression of BCL-2 is involved in the development of a variety of hematologic malignancies including MM, B-cell chronic lymphocytic leukemia, acute nonlymphocytic leukemia, and non-Hodgkin\'s lymphoma.^\[[@R54]--[@R58]\]^ Furthermore, upregulation of BCL-2 gene expression has been shown to be associated with lifespan of MM cells and the drug resistance.^\[[@R59],[@R60]\]^ Consistently, our results showed that the expression of BCL-2 mRNA in patients with MM, other hematological malignancies and benign hematological diseases was significantly different. The elevated BCL-2 level was observed in patients with MM and other hematological malignancies. However, there was no significant difference between MM group and other hematologic malignancies group. We therefore suppose that elevated expression of miR-181a in MM and increased expression of BCL-2 may inhibit the apoptotic process in MM cells, and block the normal cell growth, which may be one of the important processes in the pathogenesis of MM.

NOVA1 was identified as one of the downstream targets of miR-181a in this study. The NOVA1 gene is a central nervous system-specific RNA-binding protein involved in alternative splicing of RNA after transcription. NOVA1 expressed ectopically in the breast, ovarian, and small-cell lung cancer^\[[@R61]--[@R65]\]^ and NOVA1-associated antibodies are also found in the serum and or cerebrospinal fluid of these patients. However, the relationship between miR-181a and BCL-2, NOVA1 in MM is still unclear. Spearman correlation analysis in the current study showed that there was a positive correlation between miR-181a and BCL-2. The upregulation of miR-181a and BCL-2 and the positive correlation between them may inhibit cell apoptosis of tumor and the proliferation of normal cells. These are consistent with the low proliferative and pathological features of MM. The results of this study also showed that there was a positive correlation between BCL-2 and NOVA1. NOVA1 may be involved in the development of MM, but the specific role needs to be further studied.

This study has some limitations. First, this is a single center study. Second, the sample size is relatively small. Further multi-center study with large sample size is needed.

Overall, our results indicate that miR-181a is associated with MM and has a close relationship with clinical stage of MM. MiR-181a has a positive correlation with anti-apoptotic protein BCL-2. Furthermore, BCL-2 and NOVA1 might be the targets of miR-18a in MM. The miR-181a in peripheral blood may be used as a new marker for MM diagnosis and prognosis.
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